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Disorder 
(Under the direction of Laura G. Klinger) 
 
Identifying the earliest emerging signs of autism spectrum disorder (ASD) is a priority 
for understanding how the disorder develops and unfolds, as well as for shaping and facilitating 
the provision of early intervention services.  Further, there is a gap in our understanding of the 
mechanisms underlying these prodromal differences in socio-communicative behaviors. 
Temporal contingency in dyadic interactions may be one such mechanism. The present study 
examined contingency of infant vocal responsiveness to adult social partners as a possible 
mechanism underlying the relationship between early attention impairments and later language 
abilities and symptom presentation in ASD. The sample included 42 infants in total, with equal 
numbers across three groups: infants at heightened genetic risk for ASD with later ASD 
diagnoses (HR-ASD), infants at heightened risk without later ASD diagnoses (HR-neg), and 
infants with no known family history of ASD (LR). Results indicated that, while contingency did 
not significantly mediate the relationship between early attention and later outcomes, more 
impaired attention differentiated the HR groups from the LR group at 6 months. Attention was 
related to language outcomes at 6 months but not 12 months, possibly highlighting a window 
during which the HR-neg group becomes distinct from the HR-ASD group. At 12 months, the 
HR-ASD group demonstrated lower probability of vocalizing in response to adult vocalization as 
compared to both the HR-neg and LR groups. Contingency probability was also significantly 
 iv 
predictive of later ASD diagnosis, such that higher contingency predicted lower likelihood of a 
positive ASD diagnosis. These findings suggest that targeting contingent responsiveness may 
offer a key opportunity for pre-diagnostic intervention, particularly for infants at heightened 
genetic susceptibility for ASD. This research also identifies a potential mechanism through 
which early risk factors for ASD are exacerbated, leading to cascading socio-communicative 
challenges.
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INTRODUCTION 
Challenges in social communication and interaction are a core component of Autism 
Spectrum Disorder (ASD). Specifically, these symptoms are characterized by impairments in 
socio-emotional reciprocity (e.g., reduced sharing of emotions or affect; failure to initiate or 
respond to social interactions); nonverbal communicative behaviors (e.g., abnormalities in eye 
contact; limited understanding and use of gestures); and developing, maintaining, and 
understanding relationships (e.g., difficulty engaging in imaginative play; lack of interest in 
peers; American Psychiatric Association, 2013). Sensitivity and specificity of early diagnosis has 
improved, with the age of reliable diagnoses approaching 18- to 24 months. However, the 
median age of diagnosis in the United Stated remains over four years (Maenner et al., 2020). 
This discrepancy in age at diagnosis highlights the need for novel and objective methods to 
quantify early risk in a manner that has clinical utility. Symptoms of ASD are typically observed 
to emerge between 6 and 18 months, with delays in social communication often serving amongst 
the earliest and most striking markers (Ozonoff et al., 2015; Szatmari et al., 2016). While 
research in genetically high risk (by virtue of having an older sibling diagnosed with ASD) infant 
populations indicates that, at a group level, clear behavioral symptoms in the social-
communication domain often do not become pronounced until 12 months or later (Landa, Stuart, 
Gross, & Faherty, 2013; Szatmari et al., 2016), prodromal differences are more subtle and thus 





Identifying the earliest emerging signs of ASD is a priority for understanding how the 
disorder develops and unfolds, as well as for shaping and facilitating the provision of early 
intervention services. This is particularly essential given that earlier detection and intervention 
has been shown to promote better long-term outcomes, and that the beneficial effects of 
intervention appear to diminish with age (Wong et al., 2014). Given the growing demand to 
design and adapt interventions for toddler-aged children (Dawson, 2008), empirical data on the 
efficacy of interventions for this population has begun to emerge with increasing frequency. In 
this prodromal period, the focus of intervention is on preventing the unfolding of atypical social 
and communicative behaviors. During this stage, the parent is often the most obvious choice to 
serve as “clinician” given that they spend the most time with the infant and can utilize 
intervention strategies during naturalistic daily routines, such as play or meal time (Schreibman 
et al., 2015). Examining infant behavior within the context of dyadic interactions also provides 
insight into the dynamic and transactional nature of social and communicative behaviors (Wan, 
Green, & Scott, 2018). This is especially important given the neurodevelopmental vulnerability 
present in ASD. Genetic predisposition and differences in neuroanatomical structure and 
functioning associated with ASD (e.g., Emerson et al., 2017; Hazlett et al., 2017; Jeste & 
Geschwind, 2014) likely impact how infants interact with social partners from the first months of 
life, which in turn alters the environmental input infants receive. The bidirectional effects of 
disruptions in these dyadic interactions are less understood in ASD, however. Social and 
communicative development are significantly dependent on the scaffolding provided by sensitive 
and mutual interaction (NICHD Early Child Care Research Network, 2001; Page, Wilhelm, 
Gamble, & Card, 2010). As such, early fractures in this transactional model have the potential to 




failures in social and communicative development. Moreover, there is a gap in our understanding 
of the mechanisms underlying these prodromal differences in socio-communicative behaviors. 
Temporal contingency in dyadic interactions may be one such mechanism.  
Contingency in this context refers to the timing of interactional behaviors in dyadic social 
contexts (Pruett & Povinelli, 2016). Contingency in dyadic social contexts is understood to 
support important aspects of social, emotional, and cognitive development for typically 
developing infants (see Harrist & Waugh, 2002, for a review), and has been explored to a limited 
degree in the ASD literature (Apicella et al., 2013; Wan et al., 2018). However, there is a striking 
paucity of experimental research attempting to quantify contingency in ASD (Pruett & Povinelli, 
2016). In utilizing a framework that operationalizes contingency as an essentially time-locked 
component of early dyadic interactions, the present research aims to quantify the contingency of 
vocal engagement during adult-infant interaction for infants at high versus low risk for ASD. 
This work serves to test the relationship between contingent responsiveness and later outcomes, 
and to examine attentional correlates at earlier time points that may predict levels of 
contingency. Findings have the potential to inform early ASD risk assessment, provide a more 
mechanistic understanding of causal variables, and better characterize subgroups across the early 
autism spectrum. 
Developmental Disruptions in ASD 
In typical development, infants are already using nuanced social and communicative cues 
to understand and regulate interaction from the first months of life. For example, between 6 and 
9 months, infants begin to turn upon hearing their names and are able to consistently follow 
another’s point (Trevarthen & Aitken, 2001). Infants typically produce their first gestures 




to integrate gesture with gaze and verbalizations subsequently paves the way for complex social 
interactions from a very young age (Iverson & Goldin-Meadow, 2005). By contrast, there have 
been consistent findings that behavioral symptoms of ASD are present in the first two years of 
life, with many symptoms emerging by 12 months (Chawarska et al., 2014; Ozonoff et al., 2015; 
Zwaigenbaum et al., 2005). In the social-communication domain, these early symptoms include 
less orienting to name (Osterling, Dawson, & Munson, 2002; Werner, Dawson, Osterling, & 
Dinno, 2000; Zwaigenbaum et al., 2005), delayed or impaired receptive and expressive language 
(Landa et al., 2013; Mitchell et al., 2006), and reduced use and integration of gestures (E. Jones, 
Gliga, Bedford, Charman, & Johnson, 2014; Yoder, Stone, Walden, & Malesa, 2009). By 18 
months, infants who later receive ASD diagnoses also tend to display less positive affect, 
responsiveness to social smiling, and social interest than same-aged peers (Elsabbagh, Gliga, et 
al., 2013; Maestro et al., 2005; Zwaigenbaum et al., 2005). The onset of these developmental 
differences for infants later diagnosed with ASD suggests that symptoms are present from the 
first months of life, or even from birth. Thus, it is essential to attempt to identify mechanisms 
underlying these early differences and their role in exacerbating socio-communicative deficits. 
Furthermore, evidence of early-emerging impairments in social interaction and communication 
highlight the opportunity for intervention during this sensitive period, before maladaptive 
interactional patterns perpetuate cascading failures in these domains. 
In the last decade, there has been an exponential increase in the number of studies 
attempting to identify early signs and symptoms of ASD. Given that the sibling recurrence risk 
of ASD is estimated to fall between 10% and 20% (Constantino et al., 2013; Ozonoff et al., 
2011), prospective longitudinal studies of “high risk” infant siblings of children with ASD have 




adoption of this methodology, retrospective designs – relying on home videos, parent report, or 
medical records – were utilized to identify behavioral markers that were present prior to a child’s 
receipt of an ASD diagnosis. While there are strengths and limitations to each of these 
approaches (see Szatmari et al., 2016, for a review), these studies have generated robust and 
important information about the early signs of ASD. 
Early Attention. In typical development, basic attentional processes are understood to 
provide a critical foundation for socio-communicative abilities (Brooks & Meltzoff, 2005; 
Keehn, Müller, & Townsend, 2013; Meltzoff, 1999). Even moments after birth, neonates 
demonstrate reflexive attunement to and preference for social connection in tracking a moving 
face-like pattern farther than a pattern of scrambles or inverted facial features (Goren, Sarty, & 
Wu, 1975). While this pattern of attention is initially involuntary rather than volitional, typically 
developing infants begin to demonstrate intentional orienting to social stimuli by 5 to 7 months 
of age (Dawson et al., 2004; Morales, Mundy, & Rojas, 1998; Symons, 1998). For example, 
typically developing infants have been shown to match the direction of their mother’s head turn 
as early as 6 months (Morales et al., 1998) and are able to follow another’s gaze by 10 months 
(Brooks & Meltzoff, 2005). Social exchanges become increasingly more complex over time, 
requiring young children to shift their attention rapidly between competing stimuli and to process 
complex and often unpredictable social information, such as facial expressions, speech, and 
gestures (Dawson et al., 2004; Elsabbagh, Fernandes, et al., 2013); that typically developing 
children are able to develop these skills with relative ease lays the groundwork for them to 
continue to engage in and learn from interactions with social partners. 
 By contrast, individuals with ASD exhibit early and pervasive attentional abnormalities 




developing infants begin to spontaneously disengage and shift their attention between objects 
and people within the first year of life (e.g., Carpenter, Nagell, & Tomasello, 1998), infants with 
ASD are hypothesized to have “sticky attention” wherein this process of seamless disengagement 
is impaired (Elsabbagh, Fernandes, et al., 2013; Elsabbagh et al., 2009; Sacrey, Bryson, & 
Zwaigenbaum, 2013). The ability to disengage and shift attention is also integral to the 
development of joint attention. During joint attention interactions, infants coordinate their 
attention between social partners in relation to objects or events in order to share an awareness 
about those things. These behaviors include initiating shared attention (e.g., by alternating gaze), 
following the attention of another (e.g., following a gaze or point), or directing the attention of 
another. Joint attention emerges between 8 and 15 months for typically developing infants and 
plays an integral role in helping children to develop language, better understand social 
relationships, and learn about their environment (Bruinsma, Koegel, & Koegel, 2004; E. A. 
Jones, Carr, & Feeley, 2006; Mundy, Sigman, & Kasari, 1990; Tomasello & Farrar, 1986). 
Compared to other populations, children with ASD demonstrate significant deficits in both 
initiating and responding to joint attention (see Meindl & Cannella-Malone, 2011, for a review). 
Furthermore, this impairment in shared attention serves as one of the defining diagnostic features 
of ASD (American Psychiatric Association, 2013) and is often one of the earliest observed 
behavioral signs (Murray et al., 2008; Whalen, Schreibman, & Ingersoll, 2006). 
Compared to typically developing children and children with other developmental 
disorders, children with ASD have been found to more frequently fail to orient to both social and 
non-social stimuli (Dawson, Meltzoff, Osterling, Rinaldi, & Brown, 1998; Dawson et al., 2004). 
However, there is evidence to suggest that this deficit in orienting to relevant stimuli may be 




naturally occurring social stimuli in their environment – what Dawson and colleagues refer to as 
social orienting impairment (Dawson et al., 1998) – is proposed to disrupt the developmental 
pathway of young children later diagnosed with ASD by limiting their opportunities for social 
stimulation and interaction. For example, in a study examining attention shifting during play, in 
which parents were asked to alternate between engaging their child and displaying a “still face,” 
Ibañez and colleagues (2008) found that high-risk infants shifted less frequently and spent more 
time looking away from their parents’ faces compared to low-risk infants. One of the most 
consistent findings in the literature is that infants later diagnosed with ASD also respond to their 
name less frequently than typically developing infants (Osterling et al., 2002; Werner et al., 
2000; Zwaigenbaum et al., 2005) – a key means for social partners to initiate an interaction.  
The theory that early inattention to social stimuli, specifically, mediates the development 
of socio-communicative skills is difficult to verify, however. In typical development, social 
information is processed by specialized neural systems, including cortical and sub-cortical 
structures (Adolphs, 2003; Klein, Shepherd, & Platt, 2009). Many studies examining social 
orienting ability focus on toddlers, for whom this process of specialization has already occurred. 
In order to prospectively test the integrity of social orienting mechanisms in infants at high risk 
for ASD, Elsabbagh and colleagues (2013) administered a face orienting task with infants at 7 
and 14 months old. They found that infants later diagnosed with ASD did, in fact, demonstrate 
clear face orienting; however, at-risk infants also showed longer dwell time on visual stimuli, 
lending support to the idea of “sticky” attention and its related processing difficulties.  
While research supports the finding that early social orienting may initially be present in 
at-risk infants, recent research suggests that social orienting declines with development. Looking 




fixation on other facial features or background objects) in infants later diagnosed with ASD is 
initially intact, but declines within the first 2 to 6 months of life. Additionally, in the infants with 
ASD, the degree of decline in eye looking was a strong predictor of level of social disability at 
outcome, as infants whose levels of eye looking declined most rapidly were also most socially 
disabled later in life.  The timing of this decline reveals the strikingly early derailment of 
processes that typically play a key role in normative social development. These more recent 
studies with high-risk infant populations indicate that, while social attention processes may be 
intact at birth, the early emerging nature of diminished interest in, and attention to, adaptive 
social stimuli exerts a compounding influence on subsequent development. Failure to attend to 
social stimuli constrains development in an iterative process, wherein departures from normative 
expressions of social engagement limit opportunities to refine social and communicative 
abilities. Instead, infants with ASD often attend to nonsocial, physical stimuli (Kanner, 1943; 
Klin, Lin, Gorrindo, Ramsay, & Jones, 2009; Volkmar & McPartland, 2014), leading to an 
accumulation of experiences with things rather than people. These early differences in attention 
set the stage for how infants with ASD develop an understanding of the social world. 
Learning Styles. One potential consequence of these cascading effects due to differences 
in attention may be how learning occurs for individuals with ASD. In typical development, 
implicit learning is an automatic cognitive process that appears to develop very early in life. It is 
broadly defined as “acquisition of knowledge that takes place largely independently of conscious 
attempts to learn and largely in the absence of explicit knowledge about what was acquired” 
(Reber, 1993). This process facilitates incidental learning of complex information, as well as 
generalization of that information in new contexts. Specifically, it is thought to mediate language 




(Cleeremans & Dienes, 2012; Lieberman, 2000). Impairments in implicit learning abilities have 
been proposed as a cognitive abnormality underlying many of the core behavioral symptoms in 
ASD (Klinger, Klinger, & Pohlig, 2007), and research has shown greater difficulties in implicit 
versus explicit tasks in this population (e.g., Nuske, Vivanti, & Dissanayake, 2013; Vivanti & 
Rogers, 2014). Moreover, there is evidence to suggest that individuals with ASD rely heavily on 
explicit, rule-based learning and that children with ASD compensate for impaired implicit 
learning abilities by employing explicit learning processes instead, which can often manifest as 
rigidity (Klinger & Dawson, 2001; Klinger et al., 2007). A recent meta-analysis of implicit 
learning in ASD found mixed evidence in the existing literature; however, the authors concluded 
that, while individuals with ASD are able to learn implicitly, they may demonstrate a diminished 
propensity to spontaneously attend to and process relevant contextual cues in order for implicit 
learning occur (Foti, De Crescenzo, Vivanti, Menghini, & Vicari, 2015). It is possible that 
diminished attention results in poor implicit learning, particularly implicit learning of social 
information.  
Contingency. What remains unexplored is the mechanism through which differences in 
early social attention and social learning create a downward effect on early dyadic interactions 
for infants with ASD. Contingency is one potential mechanism underlying the unfolding of these 
interactional disruptions. In typically developing samples, a number of studies have 
demonstrated that young infants are very sensitive to contingent relationships between their 
behaviors and consequent stimulus events (e.g., Bahrick & Watson, 1985; Gergely, 2001; 
Watson & Ramey, 1972). For example, Watson (1972) found that 2-month-old infants increase 
their rate of leg kicking when it results in a contingent stimulus event (the movement of a 




to contingency appears to be highly dependent on the action and stimulus even being very tightly 
time-locked: a delay of the contingent stimulus by as little as three seconds appears capable of 
impeding detection of the contingency for infants younger than six months (Millar, 1972; Millar 
& Watson, 1979; Ramey & Ourth, 1971). It has been hypothesized that evolutionary purpose of 
this early preference for contingency is to develop a representation of the bodily self by 
identifying stimuli that result from the body’s motor actions (Watson, 1994). Gergely and 
colleagues (Gergely, Magyar, & Baláz, 1999; Magyar & Gergely, 1998) have subsequently 
found that, at around 3 months of age, the attention bias towards perfectly response-contingent 
stimuli “switches” to a preference for high-but-imperfect contingencies, such as those 
characteristic of infant-directed behaviors and social interactions. Functionally, this maturational 
change serves to orient the infant towards exploration and understanding of the social world as 
presented by the parental environment, which is inherently imperfect in its response contingency. 
By contrast, children with ASD were found to spend significantly more time looking at 
perfectly contingent, computer-generated stimuli than at imitative, human-generated stimuli that 
was highly-but-imperfectly contingent (Gergely, 2001). Similarly, Klin and colleagues (2009) 
found that when viewing point-light animations of human action, toddlers with ASD 
preferentially attended to videos with audiovisual synchronies in the stimuli, suggesting a 
preference for contingency. By contrast, typically developing infants showed a preference for 
human movement regardless of whether the videos demonstrated audiovisual synchrony.  
Taken together, this literature suggests it may be the case that, in order to learn 
effectively from dyadic interactions, infants with prodromal symptoms of ASD require highly 
contingent feedback – in essence, responses that are much more tightly time-locked to an infant’s 




a typical infants, implicit learning occurs as a result of the responses they receive in an 
interaction, shaping their expectations and actions for future interactions, this process is likely 
disrupted for infants who go on to develop ASD. As a result, these infants may routinely miss 
bids for engagement, consequently impacting the contingency with which they, in turn, respond 
to a social partner and interrupting the feedback loop that would allow them to encode and 
engage in typical socio-communicative behaviors. Thus, dyadic interactions provide a clear 
opportunity to examine how disruptions in contingency manifest in a social context.  
Dyadic Interaction 
While overt behavioral signs of ASD are often difficult to observe in the first year of life, 
there is a growing body of evidence to suggest that studying early dyadic interactions in the 
context of emergent ASD may be important for understanding the development of the disorder 
(Dawson, 2008; Wallace & Rogers, 2010; Wan et al., 2013). A transactional model of dyadic 
relationships posits that early social experience shapes long-term socio-communicative 
functioning, and that interactive disruptions may become increasingly entrenched or exacerbated 
over time (Sameroff, 2009; Warlaumont, Richards, Gilkerson, & Oller, 2014). However, there 
has been limited research on how these relationships unfold in ASD. Moreover, “contingency” in 
these contexts has been inconsistently operationalized across studies, highlighting the need to 
quantify the timing of responsiveness in order to examine contingency as a potential mechanism 
underlying early socio-communicative disruptions.   
Dyadic Interaction in Typical Development. In their seminal study of infant 
attachment, Ainsworth and colleagues (1978) proposed that maternal sensitivity to infant cues 
fosters “synchronous, reciprocal, and jointly satisfying” mother-infant interactions. While the 




has not been successfully replicated, this study helped to lay the groundwork for future research 
examining dyadic interaction. More recently, there has been a shift away from unidirectional 
approaches to sensitivity towards a “goodness of fit” approach between a child’s temperamental 
style and the environment. Research on dyadic interaction asserts that infants do not enter the 
world with awareness of their own and others’ intentions or the expectation that caregivers will 
respond to their behaviors; rather, infants act in biologically primed ways, parents respond, and 
infants learn the intentionality of social interaction. This in turn creates the basis for language 
learning and social development within the context of the dyad (Tamis-LeMonda, Kuchirko, & 
Song, 2014). From birth, pivotal transitions of typical development rely upon the mutually 
reinforcing contest of the infant-caregiver dyad. For example, caregivers are highly motivated to 
respond socially to reflexive actions of the newborn such as crying, grasping, and rooting. Well 
before these actions are volitionally deployed, caregivers ascribe social and affective meaning to 
newborns’ behavior; the way in which caregivers augment their own reactions accordingly thus 
creates a framework for newborns to develop an understanding of their own actions (Shultz, 
Klin, & Jones, 2018). 
Affect matching between social partners has been one focus of this emerging literature. 
Shared affect between infants and their social partners has been linked to better self-regulatory 
skills, higher levels of social-emotional adaptation, better cognitive outcomes, and increased 
symbolic competence (Barratt & Roach, 1995; Feldman & Eidelman, 2005; Feldman, 
Greenbaum, & Yirmiya, 1999; Feldman, Greenbaum, Yirmiya, & Mayes, 1996). These findings 
highlight the importance of shared emotion states, as well as the key role facial expressions plays 
in facilitating them. Notably, “synchrony” as defined across these studies referred to moments in 




concerned with the timing of onset or response relationship of affective shifts between infants 
and parents. 
Vocal production and response is another core area of the dyadic interaction literature. 
Researchers in one study found the degree to which a mother coordinates her vocal behavior to 
that of her infant is related to maternal sensitivity in a curvilinear trend; in other words, moderate 
levels of non-interruptive simultaneous speech were most related to higher subjective ratings of 
maternal sensitivity. By contrast, infant’s degree of vocal coordination to the mother was not 
linked to maternal sensitivity (Hane, Feldstein, & Dernetz, 2003). To determine degree of vocal 
coordination, the authors computed a time-series regression analysis and partial cross-correlation 
coefficients were used to represent degree of coordination. In a similar study, Jaffe and 
colleagues (2001)found that both mother-infant and stranger-infant vocal rhythm coordination at 
4 months predicted attachment and cognition at 12 months. More broadly, parental 
responsiveness to a child’s communicative behaviors has been found to predict language 
performance at a later age. For example, a prospective longitudinal study used events-history 
analysis to demonstrate that maternal responsiveness (via behavior descriptions, play, and 
imitation) predicted the timing of children’s achievement of language milestones above and 
beyond children’s demonstrated vocalizations and play skills (Tamis-LeMonda, Bornstein, & 
Baumwell, 2001). Additionally, parent “translation” of young children’s gestures into words has 
been consistently found to facilitate children’s acquisition of those words in spoken language 
(Dimitrova, Özçalışkan, & Adamson, 2016; Goldin-Meadow, Goodrich, Sauer, & Iverson, 
2007). 
Despite a relatively significant body of literature addressing dyadic interactions in typical 




conclusions. In many studies, “contingency” was used interchangeably with “synchrony,” 
“reciprocity,” and “coordination.” For example, Jaffe and colleagues (2001) defined 
“coordination” as “interpersonal contingency, such that each partner’s behavior can be predicted 
from that of the other” and analyzed mother-infant coordination via vocalization-pause turn-
taking sequences. Tamis-LeMonda and colleagues (2014), on the other hand, conceptualized 
dyadic interaction in terms of responsiveness – which they defined as behaviors that are 
contiguous (temporally connected) and contingent (conceptually dependent). Through these 
subtle yet important distinctions, it becomes apparent that the theoretical and analytical 
conceptualization of contingency is variable across studies and is consequently difficult to 
quantify.  
Dyadic Interactions in ASD. There is evidence to suggest that for infants later 
diagnosed with ASD, the quality of interaction in dyadic relationships may begin to diverge from 
typical development as early as 4 months. Yirmiya et al. (2006) found that, in infant-led 
interactions, dyads were less synchronous – in this case meaning lower rates of affect matching – 
for high-risk infants later diagnosed with ASD. These infants also demonstrated less upset in 
response to a parent still-face stimulus and showed more neutral affect overall than did high-risk 
infants who did not receive ASD diagnoses. Moreover, infants who showed more neutral affect 
at 4 months were found to initiate fewer nonverbal joint attention and requesting behaviors at 14 
months.  
Using a similarly designed behavioral coding approach, Rozga and colleagues (2011) 
analyzed infant social-communicative behaviors during a face-to-face interaction with a parent at 
6 months and with an examiner at 12 months for low-risk infants, high-risk infants with later 




(2006) finding that differences in interaction quality were apparent at 4 months, Rozga et al. did 
not find significant differences between groups on frequency of gaze to face, social smiles, or 
parent-directed vocalizations at 6 months. However, they did find that at 12 months, high-risk 
infants later diagnosed with ASD exhibited lower rates of both responding to and initiating of 
joint attention than infants in the other two groups. While these findings suggest that global 
measures of social-communicative quality may not reveal autism-specific deficits earlier in 
development, this does not indicate that such differences are not present. Rather, the disparities 
in these findings support the need for more fine-grained, microanalytic approaches in order to 
detect the manifestation of prodromal symptoms present during dyadic interaction.  
Additionally, these pre-symptomatic differences in infant engagement during dyadic 
interactions are likely to have cascading effects: emerging socio-communicative deficits may 
impact how infants engage with social partners, fundamentally altering how these partners 
respond over time. There has been very limited research examining the bidirectional effects of 
these early disruptions, however. To date, two studies (Campbell, Leezenbaum, Mahoney, Day, 
& Schmidt, 2015; Wan et al., 2013) have explored both infant and parent factors during dyadic 
interaction. Wan et al. (2013) utilized a cross-sectional approach comparing high- and low-risk 
infants at 6-10 and 12-15 months during a free play interaction with a parent. Using a 
standardized coding scheme, interactions were rated on: caregiver sensitive responsiveness, 
caregiver non-directiveness, infant attentiveness to caregiver, infant positive affect, infant 
liveliness, dyadic mutuality, and intensity of engagement. Infant behaviors characteristic of 
emergent autism – such as response to name, eye contact, and social reciprocity – were rated on 
the Autism Observation Scale for Infants (AOSI; Bryson, Zwaigenbaum, McDermott, 




liveliness during the interaction than their low-risk counterparts and parents, in turn, responded 
with higher levels of directiveness towards their infants.  
In line with the findings from Rozga et al. (2011), these differences at 6 months did not 
predict later ASD outcome. At 12 months, however, dyadic mutality and infant interactive 
behaviors on the AOSI were predictive of diagnostic outcome at age 3. The coding scheme 
employed defines dyadic mutality as, “amount and level of reciprocity, attunement, and 
‘togetherness,’ including shared attention, infant acceptance of caregiver involvement, playing 
together, flow, and body orientation” (Wan, Brooks, Green, Abel, & Elmadih, 2017); ratings of 
this construct did not attempt to quantify the timing of reciprocal actions.  
Campbell et al. (2015) analyzed parent-infant free play interactions at 11 months. 
Observers coded frequencies of infant social behaviors, such as sharing positive affect, showing 
and giving toys, and pointing to request or share interest. Likewise, frequencies of parent 
behaviors such as scaffolding play, initiating or directing play, and praising were coded during 
the interaction. Qualitative ratings of infant reciprocity and parental warmth, cognitive 
stimulation, and intrusiveness were also assigned. Results indicated that high-risk infants later 
diagnosed with ASD were less socially engaged with their parents during the interaction, as 
evidenced by fewer spontaneous sharing gestures and lower ratings of social reciprocity. This 
supports the findings from Wan et al. (2013) in identifying qualitative differences in social 
engagement and expands evidence for differences in specific social-communicative behaviors 
during play. Unlike the Wan et al. (2013) findings, however, Campbell et al. (2015) did not find 
between-group differences for any parent behaviors. Both infant social behavior and qualitative 
ratings of social reciprocity were also predictive of symptom severity at diagnostic follow-up. If 




such interactions may become less rewarding over time – both for infants and their social 
partners. Early fractures in this transactional model thus have the potential to shape dyadic 
interactions moving forward, exacerbating risk factors and resulting in cascading failures in 
social and communicative outcomes. 
Socio-Communicative Outcomes. As previously outlined, dyadic interactions are shown 
to provide important scaffolding for social and communicative development for typically 
developing infants. This scaffolding is also important for socio-communicative development in 
infants later diagnosed with ASD; however, early disruptions in the feedback loop between 
infants and their social partners impact how this development occurs. In considering the 
bidirectional effects of dyadic interaction, research examining language development and affect 
in these contexts is particularly essential, as these are the clearest modalities through which 
infants begin to engage with the social world. Gesture both precedes and predicts early language 
development, in large part because gestures to or for objects encourage translation by a social 
partner. For example, if a child points to a dog and her mother verbally labels it while the child 
attends to the dog, the word “dog” is more likely to appear in the child’s vocabulary soon after 
than is a word that has not appeared in the child’s gestural repertoire (Iverson & Goldin-
Meadow, 2005). Given that delays in the use of give and show gestures, as well as later 
representational gestures (e.g., flapping arms to mean “bird”), are evident in the first year for 
children with ASD (Campbell et al., 2015; Ozonoff et al., 2010), it is not surprising that infants 
later diagnosed with ASD engage in less social babbling (Swanson et al., 2017), make fewer 
speech-like vocalizations (Leezenbaum, Campbell, Butler, & Iverson, 2014), and pair fewer 




Delays and impairments in the integration of speech with gesture have not been shown to 
negatively impact parental response, however; in fact, there is some evidence to indicate that 
parents of infants demonstrating these emerging language delays may use compensatory 
strategies and actually provide more verbal labeling and opportunities for communicative 
interaction than parents of typically developing infants (Campbell et al., 2015; Leezenbaum et 
al., 2014). More recent research examining the relationship between joint attention and later 
language found that toddlers at high risk for ASD, and particularly those subsequently diagnosed 
with ASD, demonstrated poorer joint attention and joint engagement skills during parent-toddler 
interaction. Strikingly, the majority of infants later diagnosed with ASD never attended to the 
parent at all during the interaction, in turn reducing the amount of parent scaffolding and 
following-in on the child’s focus. These differences in joint engagement predicted later 
expressive vocabulary significantly more than predictions based on joint attention skills. Joint 
engagement was also most severely impacted when toddlers did not talk initially and improved 
markedly if they subsequently began to speak, highlighting the extent to which the actions of 
social partners are altered by the input received from the child (Adamson, Bakeman, Suma, & 
Robins, 2019). 
An emerging body of research has also begun to look at early differences in infant 
vocalization patterns. Early risk markers include atypical affective vocal expression (e.g., higher 
pitched cries) and delayed babbling onset (see Yankowitz et al, 2019, for a review). Further, 
infants later diagnosed with ASD show slower growth in expressive and receptive vocabulary 
growth from 8 to 24 months (Iverson et al., 2017), fewer single words at 18 months (Mitchell et 
al., 2006), and fewer consonant, words, and word combinations at 24 months (Landa et al., 2007) 




results regarding differences in the quantity of vocalizations. While some studies have shown 
reduced vocalization by children diagnosed with ASD (Warlaumont et al., 2014) and fewer 
socially directed vocalizations in infants later diagnosed with ASD compared to low risk infants 
(Ozonoff et al, 2010), other studies have found no differences in overall vocalization rates for 
infants later diagnosed with ASD (Northrup & Iverson, 2015; Osterling et al., 2002). More 
recently, Plate et al. (in press) found that in a large longitudinal sample comparing infants at high 
and low risk for ASD, high risk infants later diagnosed with ASD produced fewer vocalizations 
at 12 months than high risk infants without later ASD diagnoses. From six to 24 months, high 
risk infants without later ASD diagnoses demonstrated steeper vocalization growth that either 
low risk infants or high risk infants later diagnoses with ASD. 
Importantly, there are also differences in the types of vocalizations infants produce and in 
the caregiver responses elicited by these vocalizations. There is evidence to suggest that infants 
at high risk for ASD produce fewer speech-like sounds (i.e., sounds found in mature speech, 
such as words, babbles, and phonemes) than low risk infants in the first two years of life (Paul et 
al., 2013l Warlaumont et al., 2014; Winder et al, 2013). This difference is particularly impactful 
given findings that caregivers are more likely to respond to their infant’s speech-like 
vocalizations than to non-speech vocalizations (e.g., crying, laughing, squealing, growling; 
Warlaumont et al., 2014). Additionally, caregivers respond preferentially to more developed, 
communicative, and socially directed vocalizations (Gros-Louis et al., 2006; Gros-Louis et al., 
2014; West & Rheingold, 1978). As this pattern of contingent responding improves child 
language outcomes (Goldstein & Schwade, 2008), infants who produce fewer vocalizations may 
receive less feedback from parents, resulting in fewer learning opportunities and slower language 




more may receive more contingent parent feedback, leading to increased scaffolding of early 
language development. 
In regards to affect and emotional development, research suggests that high-risk infants – 
that do and do not go on to receive ASD diagnoses – may display more negative affect by 12 
months and become increasingly less positive during social interactions over time (Cassel et al., 
2007; Messinger, Cassel, Acosta, Ambadar, & Cohn, 2008; Wan et al., 2013). Social smiling 
may serve as an especially key component of understanding early parent-infant interaction. In 
typical development, exogenous smiling directed at and in response to social partners first begins 
to emerge around 2 months (Messinger & Fogel, 2007). Responsive infant and parent smiling 
behaviors facilitate the establishment of positive social interchanges. It is thus likely that 
interaction with a less emotionally responsive child may negatively impact parental behavior. 
While research has consistently shown that there are not significant differences in the frequency 
or responsiveness of early social smiling for infants later diagnosed with ASD (Lambert-Brown 
et al., 2016; Messinger et al., 2008; Rozga et al., 2011), more recent micro-analytic approaches 
to examining smiling in dyadic interactions indicates that subtle differences may exist.  
Lambert-Brown et al. (2016) attempted to detect such differences by analyzing 
contingent responsiveness of infant and parent smiling. In this study, a contingent smile response 
was defined as infant smile onset occurring within 1 second of parent smile onset (and vice 
versa). Using these methods, infants with eventual ASD diagnoses did not differ from other 
groups in contingent responsiveness at either 6 or 36 months. However, novel analytical methods 
typically used to map physiological event timing have been subsequently employed to tap into 
more subtle differences. Peristimulus time histograms are traditionally used to visualize the rate 




this same methodology to face-to-face parent interactions with high-risk infants, infants who 
later receive ASD diagnoses have been shown to engage in less contingent social smiling than 
infants in other diagnostic categories as early as 2 months (Sandercock, Jones, Klin, & Shultz, 
2016). These findings emphasize the potential to detect subtle prodromal symptoms of ASD by 
conceptualizing contingency as a tightly time-locked mechanism and, consequently, employing 
very fine-grained analytical approaches. 
Present Study 
 Taken together, the present review demonstrates that there is rich information to be 
gleaned about the onset and development of ASD through exploration of dyadic interaction. 
Specifically, dyadic interactions are shown to scaffold key aspects of social, communicative, 
emotional, and cognitive development for typically developing infants. Because early deviations 
in attentional processes and impairments are present in individuals with ASD, however, it may 
be the case that high-risk infant require more contingent – in other words, more tightly time-
locked – feedback from a social partner in order to recognize the relationship between their 
behavior and the behavior of others, resulting in impaired encoding of social information.  As a 
result, these infants may routinely miss bids for engagement, consequently impacting the 
contingency with which they respond to a social partner. This disruption may be particularly 
salient in the domain of language development. However, there has been very little research 
examining the nature of contingency in early dyadic interactions for infants later diagnoses with 
ASD.  
The literature reviewed also highlights a potential opportunity for very early intervention. 
The majority of existing early interventions are parent-mediated, utilizing the parent as the 




coaching skills to direct social enrichment opportunities (Schreibman et al., 2015; Wan et al., 
2018; Wong et al., 2015). In proposing a framework wherein contingency in early interactions is 
conceptualized as an underlying mechanism of unfolding social and communicative deficits in 
ASD, the existing literature highlights the need to better understand the “active ingredient” that 
drives positive intervention outcomes. While much of the literature reviewed here suggests that 
parental sensitivity to infants, rather than directiveness, is associated with more positive 
outcomes, coaching-based intervention models inherently rely on increased directiveness by the 
parent and demonstrate improvements in social engagement and communication (e.g., Bradshaw, 
Steiner, Gengoux, & Koegel, 2015; Kasari et al., 2014). Perhaps, then, it is not necessarily the 
specific parent approach that leads to positive outcomes, but enhancement of contingent 
responsiveness broadly that makes parent-mediated interventions effective. Exploring the extent 
to which contingency is or is not playing an essential role in scaffolding social and 
communicative outcomes can help to shape future treatment development. 
Importantly, the existing literature focuses on the concept of social attention rather than 
contingency and has yet to employ a consistent, temporally-dependent approach to measuring 
contingency as it relates to the reciprocal nature of social interactions. Given attempts to move 
the field towards more micro-analytic approaches to analyzing dyadic interactions, it is essential 
to first clearly delineate what is meant when discussing contingency in this context and to 
develop a clearer understanding of the role it plays in shaping social-communicative outcomes. 
In the model presented (Figure 1), it is first proposed that genetic susceptibility paired 
with neuroanatomical differences alter social attention from the first months of life for infants 
later diagnosed with ASD. Specifically, while social attention processes may be intact at birth, 




exerts a compounding influence on subsequent development. These differences result in 
difficulty disengaging and shifting – so-called “sticky attention” – and orienting to relevant 
social stimuli in the environment. Lack of attention to social information subsequently results in 
more experience with things than people and likely shapes the preference for perfectly 
contingent stimuli over the naturally occurring stimuli provided by a social partner, which is 
typically highly-but-imperfectly contingent. Additionally, impairments in implicit learning make 
it difficult to gain social understanding from these natural dyadic interactions, which may make 
them less rewarding over time. Consequently, during dyadic interactions, infants with prodromal 
symptoms of ASD will be less likely to attend to adult vocalizations, resulting in less temporally 
contingent responses from the infant. Provided fewer opportunities to engage reciprocally, adult 
vocal response is also likely to become less contingently tied to infant vocalizations over time, 
particularly given that the infant’s vocalizations are less likely to be socially directed. Over time, 
these disruptions in contingency are expected to fundamentally alter the feedback loop between 
infants with ASD and their social partners, exacerbating underlying risk factors and resulting in 
cascading socio-communicative failures. 




Building from this theoretical framework, the present study examined infant response 
contingency during dyadic interaction utilizing a high-risk infant sibling sample that was 
recruited through a larger prospective longitudinal study. A high-risk longitudinal sample not 
only allows for higher recruitment of infants who will go on to have a positive ASD diagnosis, 
but also allows investigation of prodromal markers of ASD, providing insight into the course of 
its early emergence and development. A longitudinal design also allows for investigation into 
variables and outcomes at multiple time points. The present study utilized data from the 6, 12, 
and 24-month time points. Orienting, disengagement of attention, and visual tracking at 6 months 
served as a predictor of 24-month language and ASD-related outcomes, mediated by the 
contingency of infant vocal response during dyadic interaction at 12 months. Specifically, the 
present study attempted to quantify the temporal contingency in infant vocal response to adult 
verbalizations during a semi-structured, play-based observation that provides sampling 
opportunities for documenting a child’s use of a variety of communicative and symbolic 
behaviors. Level of contingency at 12 months was in turn analyzed in relation to its impact on 
language and autism-related outcomes at 24 months. This study aimed to (1) test the predictive 
power of attentional correlates at 6 months and vocal contingency at 12 months on later language 
and socio-communicative outcomes at 24 months, (2) identify differences in vocal contingency 
between risk groups, and (3) explore the utility of contingency as a predictor of later ASD 
diagnostic outcome.  
Hypotheses: 
1. Attentional abilities at 6 months will be significantly predictive of (1) language abilities 
and (2) ASD symptom severity at 24 months, mediated by level of dyadic vocalization 




a. Lower dyadic vocalization contingency at 12 months will mediate the relationship 
between more impaired orientation, visual tracking, and disengagement abilities 
at 6 months and lower language abilities at 24 months. 
b. Lower dyadic vocalization contingency at 12 months will mediate the relationship 
between more impaired orientation, visual tracking, and disengagement abilities 
at 6 months and higher ASD symptom severity at 24 months. 
2. High-risk infants later diagnosed with ASD will demonstrate lower levels of contingency 
and more variable response timing in vocalizations at 12 months than high-risk infants 
without a later ASD diagnosis and low-risk infants with typically developing outcomes.. 
Exploratory Hypothesis: 
1. Level of vocalization contingency at 12 months will be predictive of 24-month diagnostic 
outcomes. Further, plotting vocalization data using a contingency space analysis will 
reveal distinct clusters, distinguishing high-risk infants with and without ASD and low 




Forty-two infants participated in this study: 14 infants at high risk for ASD with 
confirmed ASD diagnosis (HR-ASD), 14 high-risk infants without ASD (HR-neg), and 14 low-
risk infants with typically developing outcomes (LR). See Table 1 for complete sample 
characterization. Participants in this study were from the NIH-funded Autism Centers of 
Excellence (ACE) network study, referred to as the “Infant Brain Imaging Study” (IBIS). The 
network includes four clinical data collection sites (University of North Carolina at Chapel Hill, 
University of Washington, Children’s Hospital of Philadelphia, and Washington University in St. 
Louis). Infants at high and low familial risk entered the study at 6 months of age. This sample 
presents an ideal opportunity to examine prodromal symptoms of ASD. Given that the current 
prevalence of ASD is estimated at .02% of the population (Baio et al., 2018), a high-risk infant 
sibling sample – for which estimated recurrence risk is around 20% (Ozonoff et al., 2011; 
Szatmari et al., 2016) – provides much higher ascertainment of positive ASD diagnoses. The 
IBIS in particular is uniquely positioned to answer the questions of the present study given the 
scale of enrollment and breadth of data collected at multiple time points, including an early 6- 
month window of observation that allows for the investigation of prodromal symptomatology.  
Subjects were enrolled in the IBIS as high-risk if they had an older sibling with a clinical 
diagnosis of ASD confirmed on the Autism Diagnostic Interview (ADI-R). Subjects were 
enrolled in the low-risk group if they had an older sibling without evidence of ASD and no 
family history of a first- or second-degree relative with ASD. Exclusion criteria for both groups 
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included the following: (1) diagnosis or physical signs strongly suggestive of a genetic condition 
or syndrome (e.g., fragile x syndrome) reported to be associated with ASD, (2) a significant 
medical or neurological condition affecting growth, development or cognition (e.g., CNS 
infection, seizure disorder, congenital heart disease), (3) sensory impairment such as vision or 
hearing loss, (4) low birth weight (<2000 grams) or prematurity (<36 weeks gestation), (5) 
possible perinatal brain injury from exposure to in-utero exogenous compounds reported to likely 
affect the brain adversely in at least some individuals (e.g., alcohol, selected prescription 
medications), (6) non-English speaking families, (7) contraindication for MRI (e.g., metal 
implants), (8) adopted subjects, and (9) a family history of intellectual disability, psychosis, 
schizophrenia, or bipolar disorder in a first-degree relative. 
The present study utilized data from infants enrolled at the Children’s Hospital of 
Philadelphia (CHOP) and the University of North Carolina at Chapel Hill in collaboration with 
an ongoing project examining infant vocalization occurring at CHOP. Included subjects must 
have completed an Autism Observation Scale for Infants (AOSI) at 6 months, the 
Communication and Symbolic Behavior Scales (CSBS) at 12 months, and the Mullen Scales of 
Early Learning (MSEL) and Autism Diagnostic Observation Scale (ADOS-2) at 24 months, with 
confirmed diagnostic outcome. Scores from the 12-month MSEL were also included in analyses, 
given the availability of this data, but 12-month MSEL administration was not required to be 
screened into the sample. 
Measures 
Attention. The Autism Observation Scale for Infants (AOSI; Bryson et al., 2008) was 
used to measure attention abilities at 6 months. The AOSI is an 18-item direct observational 




This is accomplished through a standard set of semi-structured activities, administered by an 
examiner who is both skilled at interacting with infants and knowledgeable about autism. The 
activities provide an interactive context in which the examiner engages the infant in play, while 
conducting a set of systematic presses to elicit particular target behaviors. The relative presence 
or absence of these “pressed for” behaviors is rated by the examiner, as is an additional set of 
behaviors, which the examiner targets for observation throughout the entire assessment. The 
AOSI is conducted at a small table, with the infant seated on his/her parent’s lap, across from 
and facing the examiner. Parents are encouraged to assist in making the infant comfortable, but 
otherwise to assume an observer role. The AOSI takes approximately 20 minutes to administer. 
Three items from the AOSI conducted at 6 months will be utilized in the present study: 
disengagement of attention, orientation to name, and visual tracking. The disengagement of 
attention task assesses the infant’s ability to disengage and shift eyes/attention from one of two 
competing stimuli. The orientation to name task assesses the infant’s ability to move the head 
and/or eyes toward and look at the examiner when his or her name is called. The visual tracking 
task assesses ability to visually follow a moving object laterally across the midline. Target 
behaviors are rated on a scale of 0 to 3, where 0 implies typical function and scores of 1 to 3 
imply increasing severity of impairment. Due to the limited scoring range for each of the three 
AOSI items, the total scores for the disengagement of attention, orientation to name, and visual 
tracking items were combined to provide a more robust measure of overall attention. 
Contingency. The present study quantified the temporal and probabilistic contingency of 
infant vocal response to adult verbalizations using fine-grained coding of the semi-structured, 
play-based components of the Communication and Symbolic Behavior Scales (Wetherby & 




vocal response to adult verbalizations using fine-grained coding of the semi-structured, play-
based components of the Communication and Symbolic Behavior Scales (CSBS; Wetherby & 
Prizant, 2002). The CSBS was administered at 12 and 24 months. It is a standardized 20-30-
minute assessment that provides sampling opportunities for documenting a child’s use of a 
variety of communicative and symbolic behaviors. The communication sample consists of a 
series of communicative temptations, which are structured situations designed to entice the child 
to communicate. This includes play with a balloon, a windup toy, bubbles, and a jar of Cheerios. 
The communication sample is followed by a book-sharing context. The symbolic sample consists 
of opportunities to play with a feeding and grooming set, followed by probes of language 
comprehension and constructive play (i.e., block stacking). During the CSBS, the child is placed 
in a seat that attaches to a table with the examiner and caregiver on each side. The caregiver is 
instructed to respond naturally to the child’s bids for interaction. If the child directs 
communication to the caregiver, the examiner then coaches the caregiver on the sampling 
procedures so that the caregiver can actively participate in the sample. The present study 
included video coding of the 12-month CSBS. Coding captured vocalizations that occurred 
between adults and the infant during the semi-structured activities most resembling naturalistic 
play: balloon, windup toy, bubbles, and pretend play. 
Outcome Measures. Outcome measures at 24 months established diagnostic outcome 
and assessed developmental ability across various domains. 
Mullen Scales of Early Learning (MSEL; Mullen, 1995). The MSEL was administered 
to all participants at 12 and 24 months. The MSEL is a measure of cognitive ability for children 
from birth to 68 months. It contains Visual Reception, Fine Motor, Receptive Language, and 




and a standard deviation of 10. An Early Learning Standard Score represents overall 
developmental ability with a mean of 100 and standard deviation of 15. The present study 
examined scores on the Receptive and Expressive language subscales, specifically; the 
composite Early Learning score was also included in descriptive analyses. 
Diagnostic classification was made by an expert clinician using all clinical, behavioral, 
and questionnaire data available at 24 months. A diagnosis of ASD was made using the DSM-
IV-TR criteria for Autism and Pervasive Developmental Disorder, Not Otherwise Specified 
(PDD-NOS). HR subjects were classified as HR-neg (i.e. negative for ASD) if they did not meet 
either ASD or PDD-NOS criteria. In order to have a LR comparison group representing typically 
developing infants without ASD, each LR subject was also assessed at 24 months. LR subjects 
included did not meet ASD or PDD-NOS criteria.  
ASD Diagnosis. The Autism Diagnostic Observation Schedule – Second Edition (ADOS-
2; Lord et al., 2012) was conducted at 24 months as part of this diagnostic assessment. The 
ADOS-2 consists of 5 modules administered based on one’s age and verbal language ability. 
Each module consists of semi-structured, play-based activities to observe an individual’s social 
interactions, communication, play or creative use of materials, and the presence of restricted and 
repetitive behaviors and interests. In addition to diagnostic outcome, the present study will utilize 
standardized calibrated symptom severity scores (CSS) from the ADOS-2. The CSS ranges from 
1 to 10 and provides a measure of an individual’s severity of autistic-like symptoms during the 








Video Coding. The present study utilized fine-grained coding of caregiver, examiner, 
and infant vocalizations during the CSBS in order to measure contingent response time of infant 
vocalization. Vocalization segmentation and annotation was conducted using ELAN 4.9.4. 
Segmentation and annotation of infant vocalizations was conducted by the IBIS research team at 
CHOP. A trained coder segmented each infant vocal sound in ELAN, producing codes for the 
start and stop time of each vocalization. All segments were expected to start and stop within 
three tenths of a second on either side of the vocalization. In order to ensure segments were 
accurate, a second coder checked segmentation for every clip. A second team of coders 
annotated all infant vocalizations, categorizing them as vegetative sounds, speech sounds, and 
non-speech sounds. Speech sounds are defined as vocalizations characterized by the production 
of consonants and/or vowels that could be represented by the International Phonetic Alphabet 
and contain speech-like vocal quality (i.e., cooing, babbling, single phonemes). Non-speech 
sounds annotated include laugh, cry, whine, fuss, squeal, growl, yell, and sound effect. 
Vegetative sounds are sounds produced naturally without linguistic or semantic intent (i.e., 
burping, coughing, sneezing, hiccups, heavy breath); vegetative sounds were not included in 
present analyses. 
Using the same coding criteria, the present study added segmentation of all caregiver and 
clinician vocalizations that occurred during the target CSBS tasks (balloon, windup toy, bubbles, 
and pretend play). To ensure that it was clear which adult is vocalizing, caregiver and clinician 
vocalizations were coded separately. A second coder checked segmentation for all clips and 21% 
of clips (9 clips) were randomly selected for reliability coding. Training to independent 




back tapes that demonstrate reliability with established “master” tapes; the coder then 
demonstrated reliability in segment checking two tapes previously segmented by reliable coders. 
Mean inter-rater Kappa reliability was .83. Initial segmentation of each video required 
approximately 1 hour to complete; segment checking required approximately 30 minutes to 
complete. 
Vocalization Variables. Vocalization data was extracted using custom code written in R. 
Vocalization variables for each speaker included quantity of speech (and non-speech for the 
infant) vocalizations during coded CSBS activities; average lag time (in milliseconds) between 
the end of adult vocalization and the onset of infant vocalization; and standard deviation of lag 
time. Lag time between adult and infant vocalization when the latency between segments was 
less than or equal to 4 seconds (Xu et al., 2009; Ferguson et al., 2020). 
Contingency Variables. In order to quantify contingency between vocalizations, the 
transitional probabilities of an infant vocalization (a) following and (b) not following a target 
stimulus were calculated (Lloyd, Kennedy, & Yoder, 2013). Transitional probability is defined 
as the proportion of instances of one event that are followed by another event in the sequence 
(Yoder & Symons, 2010).The probability that infant vocalization occurred following adult 
vocalization was compared to the probability of infant vocalization occurring in the absence of 
adult vocalization. Using a non-exhaustive contingency space analysis (CSA) approach (see 
Table 2 for the CSA formula), transitional contingency of an infant vocalizing in response to 
adult vocalization was quantified as the total number of instances in which the infant vocalized 
within 4 seconds of an adult vocalization (A) divided by the number of total instances in which 
the adult vocalized (A+B). The second transitional probability – the probability that an infant 




in which the infant vocalized in the absence of adult vocalization (C) divided by the total number 
of instances in which the infant vocalized (A+C). 
Statistical Analyses. G*Power3 was used to determine statistical power given the sample 
size of 14 infants per outcome group. Assuming an alpha of .05, 14 individuals per group 
provides a power of 60% to detect medium between-group differences (d=.4) and a power of 
85% to detect a correlation of r=.4; however, it is important to noted that expected effect sizes 
for differences in contingent response are not yet available in the literature.  
One-way ANOVAs with post hoc comparisons using Tukey’s Honestly Significant 
Difference (HSD) tests were conducted to assess between groups in developmental measures 
(AOSI attention total and MSEL scores) across the 6, 12, and 24-month study visits. To test the 
hypothesis that attention at 6 months would predict language and ASD symptom severity at 24 
months, mediated by vocalization contingency at 12 months, Pearson correlations were first 
calculated between all variables of interest (AOSI total attention, infant contingent response 
probability, 24-month expressive and receptive language t-scores, and 24-month ADOS-2 CSS) 
individually. The hypothesized mediation models were then tested using a bootstrapping 
approach to assess the indirect (i.e., mediated) effects of 6-month attention on 24-month ADOS-
2 symptom severity and language outcomes transmitted through the contingency of infant 
speech-like vocalization at 12 months. These analyses were conducted using the Hayes 
“PROCESS” macro, model 4, for SPSS (Hayes, 2017) with bias-corrected 95% confidence 
intervals (n = 5000) to test the significance of the indirect effects. Subsequent linear models were 
also used to individually test the predictive relationship between contingent vocalization 




To test the hypothesis that HR-ASD infants will demonstrate lower levels of contingency 
at 12 months than infants in the HR-neg and LR groups and that the HR-ASD group will 
demonstrate more variable response timing, a Levene’s test with a follow-up standard deviation 
plot was used to analyze the equality of variances across groups. One-way ANOVAs and follow-
up Tukey’s tests were then used to detect group differences in average lag time of onset of infant 
vocalization and in average within-subject standard deviation of lag time.  
Finally, the exploratory hypothesis proposed that level of vocalization contingency at 12 
months would be predictive of 24-month diagnostic outcome (i.e., confirmed diagnosis of ASD 
or no ASD diagnosis). A binomial logistic regression was conducted to assess this relationship. 
Additionally, it was proposed that plotting vocalization transitional probability data using CSA 
reveal distinct clusters, distinguishing high-risk infants with and without ASD and low risk, 
typically developing infants from one another. Transitional probabilities were calculated using 
the formulae described above. Probability of an infant vocalizing given a preceding adult 
vocalization was plotted on the y axis and the probability of an infant vocalizing in the absence 
of adult vocalization was plotted on the y axis. In contingency space, points located above the 
graphic diagonal (x = y) represent positive contingencies (i.e., the probability of an infant 
vocalization is higher in the presence of adult vocalization than in its absence). Points  located 
below the diagonal represent negative contingencies (i.e., the probability of an infant 
vocalization is lower in the presence of adult vocalization than in its absence. Points located on 
or near the diagonal indicate that the probability of infant vocalization is similar given the 
presence or absence of adult vocalization (Catania, 2007; Hammond, 1980; Lloyd et al., 2013). 
Location of the points in this contingency space allowed for identification of participant clusters 
and a means of assessing the strength of contingency for each individual. 
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RESULTS 
Analyses were conducted using R and IBM SPSS Statistics. Once data extraction was 
complete, descriptive analyses such as central tendency and frequency were conducted to 
investigate distributional assumptions. Box plots and histograms were performed on all 
continuous variables of interest to investigate distributional properties and check for outliers. 
Based on the distributional properties of the data, all participants were included in subsequent 
analyses. The HR-ASD, NR-neg, and LR groups were comparable in (mean) race (85.7% white), 
sex distribution (69% male), maternal education, and age at the 6-, 12-, and 24-month study 
visits (see Table 1 for complete sample characteristics). 
Given the impact of adult input on opportunity for responsive infant vocalization, a one-
way ANOVAs were first conducted to test whether there were any between-group differences in 
number of adult vocalizations that occurred during coded CSBS activities. There were no 
significant differences between groups on the number of overall adult vocalizations 
(F(2,39)=.18, p=.84). Further, there were no significant differences in the number of clinician 
(F(2,39)=.14, p=.87) or parent (F(2,39)=.43, p=.65) vocalizations. Therefore, control for 
frequency of adult vocalization was not included in subsequent analyses. 
Hypothesis 1: Impact of Attention on Outcomes Mediated by Dyadic Contingency 
Before examining the relationships between variables across timepoints, group 
differences in developmental measures at each age were assessed using one-way ANOVAs with 
follow-up Tukey’s HSD tests. Effect size data is provided using Cohen’s guidelines (i.e., eta 
squared [η2] of .01 is a small effect, .06 is a moderate effect, and .14 is a large effect). See Table 
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3 for all comparison statistics. There were significant group differences overall on total attention 
at 6 months (F(2, 39)=4.31, p=.02, η2=.18), with a post-hoc Tukey test indicating that the HR-
neg group (M=2.71, SD=1.64) demonstrated significantly higher (i.e., more impaired) attention 
scores at 6 months than the LR group (M=1.36, SD=1.36; p=.03). There was also a trending 
difference between the LR and HR-ASD groups (M=2.50, SD=.94; p=.07), with the HR-ASD 
group showing more impaired attention scores at 6 months. There was no significant difference 
between the HR-ASD and HR-neg groups (p=.90).  
At 12 months, there were significant group differences on MSEL composite (F(2, 
38)=4.99, p=.01, η2=.21) and receptive language t-scores (F(2, 39) =7.78, p=.001, η2=.29) t-
scores, with a trending difference in expressive language t-scores (F(2, 39) =3.13, p=.06, 
η2=.14). Post-hoc comparisons using the Tukey’s HSD test indicated that the HR-ASD  had 
significantly lower composite and receptive language scores (M=95.83, SD=10.33; M= 35.93, 
SD=7.29, respectively) than the LR group (M=102.14, SD=11.14; M=47.93, SD=7.60, 
respectively; p’s < .05) and a trending difference between the LR (M=48.07, SD=11.30) and HR-
ASD (M=38.50, SD=12.17) groups on expressive language (p=.05). There was a trending 
difference (p=.08) between the HR-neg (M=42.79, SD=9.20) and HR-ASD groups on receptive 
language. There were no significant differences between the HR-neg and HR-ASD groups on 
composite score or expressive language (p’s>.05). No differences were detected between the LR 
and HR-neg groups on 12-month expressive, receptive, or composite MSEL scores (p’s>.05). 
At 24 months, there were significant group differences on MSEL composite (F(2, 
39)=30.16, p=.001, η2=.61), expressive language (F(2, 39) =12.73, p<.001, η2=.40), and 
receptive language (F(2, 39) =40.74, p<.001, η2=.68) t-scores. Tukey’s tests indicated that the 




had significantly lower scores on all three MSEL domains than the LR group (M=112.21, 
SD=12.62; M=53.57, SD=10.42; M=56.79, SD=6.08, respectively; p’s < .05). The HR-ASD 
group also had significantly lower scores on all three MSEL domains as compared to the HR-neg 
group (M=97.21, SD=10.15; M=45.43, SD=8.13; M=52.36, SD=6.91, respectively;  p’s < .05). 
No differences were detected between the LR and HR-neg groups on 24-month MSEL scores. 
Next, correlational analyses were conducted to determine the viability of subsequent 
mediated regression analyses. See Figure 2 for the corresponding correlogram. While total 
attention on the AOSI was significantly negatively correlated with Mullen expressive language at 
12 months (r=-.35, p=.02) and trending towards a significant negative correlation with receptive 
language (r=-.26, p=.09) at 12 months, it was not significantly correlated with either expressive 
(r=-.15, p=.32) or receptive language (r=-.24, p=.13) at 24 months. Similarly, AOSI attention 
scores were not significantly correlated with ADOS-2 severity scores at 24 months (r=.17, 
p=.29). There was a trending negative correlation between attention scores and probability of 
infant vocalization (combined speech and non-speech types) contingently following adult 
vocalization at 12 months (r=-.29, p=.06). 
The probability that an infant vocalized contingently in response to an adult vocalization 
was not significantly correlated with receptive (r=.007, p=.97) or expressive (r=.06, p=.69) 
language scores at 12 months. At 24 months, however, it was significantly positively correlated 
with receptive language  (r=.39, p=.01) and was significantly negatively correlated with ADOS-2 
symptom severity scores at 24 months (r=-.47, p=.002). This probability was not significantly 
correlated with expressive language at 24 months (r=.21, p=.17).  
Examining correlation-related differences between vocalization type, contingent speech-




(r=.37, p=.02) and receptive language (r=.47, p=.002), and significantly negatively correlated 
with ADOS-2 symptom severity scores (r=-.530, p<.001). Contingent speech-like vocalization 
was not significantly correlated with 12-month expressive (r=.26, p=.10) or receptive language 
(r=.24, p=.13). Probability of contingent non-speech vocalization was not significantly correlated 
with 12-month expressive language (r=-.21, p=.17), but there was a trending negative 
relationship between contingent non-speech vocalization and receptive language scores at 12 
months (r=-.30, p=.05). At 24 months, there was no significant correlation between contingent 
non-speech vocalization and ADOS-2 symptom severity scores (r=.07, p=.67), expressive 
language (r=-13, p=.42), or receptive language (r=.01, p=.94). 
While significant correlations were not established across attention at 6 months, 
contingent response probability at 12 months, and outcome measures at either 12 or 24 months, 
recent methodological research has shown that mediation effects can be present in the absence of 
a total or overall effect (Kenny & Judd, 2014; O’Rourke & MacKinnon, 2015; O’Rourke & 
McKinnon, 2018). Using the Hayes (2017) PROCESS macro, model 4, analyses first tested a 
model whereby infant speech-like vocalization contingency at 12 months mediates the 
relationship between AOSI attention scores at 6 months and ADOS-2 symptom severity scores at 
24 months. The standardized coefficient between AOSI scores and speech-like vocalization 
contingency was not significant (b=-1.01, t(40)=-1.55, 95% CI [-2.33, .30]), while the 
standardized coefficient between speech-like vocalization contingency and ADOS-2 symptom 
severity scores was statistically significant (b=-.22, t(39)=-3.72, 95% CI [-.34, -.10]). However, 
speech-like vocalization contingency was not found to significantly mediate the effect of AOSI 
attention scores on ADOS-2 symptom severity scores, as zero fell within the bootstrapped 




standardized indirect effect was .12, with a 95% confidence interval from -.03 to .31. The 
bootstrapped unstandardized indirect effect was .22, with a 95% confidence interval from -.05 to 
.61.  
Analyses then tested a model whereby infant speech-like vocalization contingency at 12 
months mediates the relationship between AOSI attention scores at 6 months and MSEL total 
language scores (expressive + receptive t-scores) at 24 months. The standardized coefficient 
between AOSI scores and speech-like vocalization contingency remained constant (and, again, 
not significant) from the first tested mediation model. The standardized coefficient between 
speech-like vocalization contingency and MSEL language scores was statistically significant 
(b=1.79, t(39)=2.92, 95% CI [.55, 3.03]). However, speech-like vocalization contingency was 
not found to significantly mediate the effect of AOSI attention scores on MSEL language scores, 
as zero fell within the bootstrapped confidence intervals for both the standardized and 
unstandardized indirect effects: the standardized indirect effect was -.10, with a 95% confidence 
interval from -.26 to .02. The bootstrapped unstandardized indirect effect was -1.82, with a 95% 
confidence interval from -.4.79 to .42. 
Given the significant effects between speech-like vocalization contingency and later 
outcomes, linear regressions were conducted to further explore the relationships between overall 
vocalization contingency and ADOS-2 symptom severity and MSEL total language scores at 24 
months. First, a simple linear regression was calculated to predict MSEL total language scores at 
24 months based on probability of infant responding contingently to adult vocalization, 
controlling for 12-month MSEL language scores. Twelve-month contingent vocalization 
probability was significantly related to 24-month language scores (b=.31, t=2.80, p=.008),  such 




combined expressive and receptive language scores 1 year later. A simple linear regression was 
also calculated to predict ADOS-2 symptom severity scores at 24 months based on probability of 
infant responding contingently to adult vocalization at 12 months. Twelve-month contingent 
vocalization probability was significantly related to 24-month ADOS-2 symptom severity scores 
(b=-.45, t=-.70, p=.001), such that higher contingent vocalization probability was significantly 
related to lower ADOS-2 symptom severity scores 1 year later. 
Hypothesis 2: Group Differences in Contingent Vocalization 
To test the hypothesis that infants later diagnosed with ASD would demonstrate lower 
vocal contingency, one-way ANOVAs with follow-up Tukey’s HSD tests were first calculated to 
characterize group differences in number and quality of infant vocalizations. See Table 4 for all 
comparison statistics. There were overall group differences in total number of infant 
vocalizations (F (2, 39) =4.62, p=.02, η2=.19), with the LR group (M=52.64, SD=16.05) 
producing significantly more vocalizations than the HR-ASD group (M=32.85, SD=21.29; 
p=.01). There were no significant differences between the LR and HR-neg group (M=45, 
SD=13.94; p=.48) or between the HR-neg and HR-ASD groups (p=.17). Next, group differences 
in type of vocalization were analyzed. There were overall group differences in total number of 
infant speech-like vocalizations (F (2, 39) =7.26, p=.002, η2=.27) but not in total number of 
infant non-speech vocalizations (F (2, 39) =.111, p=.90, η2=.01). Follow-up Tukey’s tests 
indicated that the LR group (M=42, SD=14.04) produced significantly more speech-like 
vocalizations than the HR-ASD group (M=22.21, SD=14.31; p=.001); there were no significant 
differences between the LR and HR-neg (M=32.71, SD=12.85; p=.19 ) groups or between the 




Next, analyses were conducted to assess for differences in the contingency of infant 
vocalizations, as related to both probability of response and response timing (Table 4). Across 
combined vocalization types, there was a significant group difference in the probability of an 
infant vocalizing contingently in response to an adult vocalization (F(2,39)=4.30, p=.02, η2=.18), 
with the HR-ASD group (M=.12, SD=.08) being significantly less likely to vocalize contingently 
compared to both the LR (M=.18, SD=.06; p=.04) and HR-neg (M=.19, SD=.06; p=.04) groups. 
There was no significant difference in probability between the LR and HR-neg groups (p=.99). 
Further, there were no significant between-group differences in the probability of an infant 
vocalizing in the absence of a preceding adult vocalization (F(2, 39)=1.40, p=.26, η2=.07). 
For speech-like vocalizations specifically, there was a significant group difference in the 
probability of an infant vocalizing contingently in response to an adult vocalization (F 
(2,39)=6.58, p=.002, η2=.25), with the HR-ASD group (M=.08; SD=.06) being significantly less 
likely to vocalize using speech-like sounds in response to adult vocalization compared to both 
the LR (M=.15, SD=.06; p=.004) and HR-neg groups (M=.14, SD=.04; p=.02). There was no 
significant difference between the LR and HR-neg groups (p=.81) . There were also no 
significant differences in probability of speech-like vocalization in the absence of adult 
vocalization (F(2, 39)=1.48, p=.24, η2=.07). 
There were no significant between-group differences on probability of contingent non-
speech vocalization following adult vocalization (F (2, 39) =.76, p=.47, η2=.04). However, there 
were significant group differences in probability that an infant non-speech vocalization occurred 
in the absence of a preceding adult vocalization (F (2, 39) =6.34, p=.004, η2=.25). Follow-up 
Tukey’s tests indicated that the LR group (M=.36, SD=.34) was more likely to produce non-




SD=.12; p=.01) and HR-ASD (M=.09, SD=.14; p=.008)  groups. No differences were detected 
between HR groups (p=.97). 
Following analyses comparing probability of contingent response, analyses were 
conducted to assess for differences in the timing of contingent responses. A one-way ANOVA 
detected no significant group differences in the average lag time between the end of an adult 
vocalization and the onset of overall infant speech between the LR (M=.25, SD=.33) , HR-neg 
(M=.12, SD=.32), and HR-ASD (M=.06, SD=.06) groups (F(2, 38) =1.00, p=.38, η2=.05). 
Similarly there were no significant differences in average lag time of infant vocalization for 
either speech-like (F(2, 38) =1.54, p=.23, η2=.04) or non-speech infant vocalizations (F(2, 34) 
=.99, p=.38, η2=.05) across the LR (non-speech: M=.14, SD=.52), HR-neg (non-speech: M=.19, 
SD=.34) , and HR-ASD groups (non-speech: M=.41, SD=.38). To test the hypothesis that infants 
later diagnosed with ASD would be more variable in their contingent response timing, one-way 
ANOVAs were also conducted to compare average standard deviation of contingent 
vocalizations. There were no significant group differences in the average standard deviation of 
response timing for overall vocalization (F(2, 38)=.79, p=.46, η2=.04) across the LR (M=1.39, 
SD=.30), HR-neg (M=1.27, SD=.25) , or HR-ASD (M=1.39, SD=.31) groups or for either 
speech-like (F (2, 38) =1.54, p=.23, η2=.08; M=1.46, SD=.36; M=1.31, SD=.28; M=1.31, 
SD=.37, respectively) or non-speech vocalizations (F (2, 32) =.33, p=.38, η2=.02; M=1.39, 
SD=.69; M=1.18, SD=.39; M=1.15, SD=.54, respectively). 
Exploratory Hypothesis: Predicting Diagnostic Outcomes and Contingency Space Clusters 
 Exploratory analyses were conducted to determine the extent to which contingent 
responsiveness is predictive of diagnostic outcomes. A logistic regression controlling for 




significantly related to diagnostic outcome at 24 months (χ2(2) = 22.63, p < .001). An 
examination of odds ratios revealed that every percentage increase in contingent vocalization 
probability was associated with a 20% decrease in risk for autism diagnosis (OR = 0.80, b = -
0.22, SE = 0.09, p = .009).   
 Next, a contingency space analysis was conducted wherein the transitional probability of 
an infant vocalizing in response to an adult vocalization was plotted along the y-axis and the 
transitional probability of infant vocalization in the absence of adult vocalization was plotted 
along the x-axis. Visual analysis of data points in the contingency space (Figure 3) does not 
reveal clear clustering based on risk group. Further, overall sample clustering in proximity to the 
diagonal reflects relatively weak contingency of infant vocalization to either the presence or 














The primary focus of this study was to explore the role of contingency as a possible 
mechanism underlying the relationship between early attention impairments and later language 
abilities and symptom presentation in ASD. Specifically, it was hypothesized that early 
attentional impairments at 6 months would predict lower expressive and receptive language 
scores and higher autism severity scores at 24 months, mediated by decreased contingency in 
infant vocal response at 12 months. Further, it was hypothesized that for infants later diagnosed 
with ASD, vocalizations would be less probabilistically contingent on adult vocalization and that 
when contingent vocalizations did occur, the latency between the adult and subsequent infant 
vocalization would be longer and more variable for infants later diagnosed with ASD than for 
high risk infant without autism and low risk controls. Exploratory analyses were also conducted 
to assess vocalization contingency as a predictor of ASD diagnostic outcome and the extent to 
which contingency space analysis can be utilized to identify distinct risk group clusters in visual 
plotting. The findings presented add to growing bodies of literature that use naturalistic or semi-
naturalistic sampling to explore dyadic interaction (e.g., Campbell et al., 2015; Wan et al., 2013) 
and vocalization development (e.g., Plate et al, in press; Swanson et al., 2018) in infants later 
diagnosed with ASD. Moreover, these findings could have implications for early assessment and 
intervention approaches. 
 While the hypothesis that contingency mediates the relationship between early 
attention and later outcomes was not supported by this study’s results, key findings regarding the 
relationship between these variables were identified. First, more impaired attention at 6 months 
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distinguished the HR groups from the LR group, but not from one another. This is in line with 
longitudinal findings that impairments in disengagement of attention distinguished HR-ASD 
infants from HR-neg infants beginning around 12 months of age, but that “sticky attention” was 
evident in both groups at earlier time points (Elsabbagh, Fernandes, et al., 2013; Sacrey et al., 
2013). This finding also supports a robust body of literature demonstrating broad attentional 
impairments in ASD that become evident in the first months of life (e.g., Dawson et al., 1998; 
W. Jones & Klin, 2013; Osterling et al., 2002). In particular, impairments in both initiating and 
responding to joint attention have been shown to disrupt language development, social learning, 
and the ability to engage in processing of one’s own attention and the attention of others 
(Bruinsma et al., 2004; Mundy, 2018; Mundy & Jarrold, 2010).  
While it was hypothesized that attention at 6 months would be predictive of language and 
ASD symptom severity at 24 months, attention was not significantly correlated with either 24-
month MSEL language scores or with ADOS-2 CSS scores.  More impaired attention scores at 6 
months were significantly correlated with lower language scores at 12 months, however. 
Additionally, there was a trending negative correlation between attention scores at 6 months and 
contingent response probability at 12 months, whereby more impaired attention was associated 
with lower probability of contingent infant vocalizations. Recent IBIS research (that included a 
partially overlapping sample to the one included in this study) found that HR-neg infants showed 
a pattern of accelerated growth in vocalization rates from 6 to 24 months that was distinct from 
both HR-ASD infants and LR controls (Plate et al., in press). The shift in the relationship 
between attention and language skills between 12 and 24 months may reflect these broader 




In the present study, results indicated that LR infants vocalized more often that HR-ASD 
infants and specifically produced more speech-like vocalizations than LR infants 12 months. The 
HR-neg group was not significantly different from either the LR or HR-ASD groups, falling 
somewhere in the middle. Given the pattern of increased vocalization rate between 12 and 24 
months reported in the related IBIS sample, it would be expected that the HR-neg infants in the 
present sample might demonstrate a similar burst in vocalization. Swanson et al. (2017) reported 
hyper-vocalization in a cluster of HR infants (i.e., vocalization quantities more that 2 standard 
deviations above the LR sample) and proposed that hyper-vocalization may be a protective 
factor. While a clear subset of hyper-vocalizing infants was not identified in the current sample, 
there is evidence to suggest that adults are more likely to respond to speech-like vocalizations 
that non-speech vocalizations and that toddlers are, in turn, more likely to respond with a 
subsequent speech-like vocalization (Warlaumont et al., 2014). However, this feedback loop was 
found to be disrupted in ASD, with toddlers producing fewer speech-like vocalizations and 
eliciting less related adult vocalization in response. For infants at high risk for autism who do not 
go on to develop the disorder, it may be that increased opportunities for reciprocal social 
communication mitigates the impact of early attentional abnormalities. 
Central to the present study was elucidating differences in contingency and its impact on 
later development. Results indicated that the HR-ASD group was significantly less likely to 
contingently vocalize in response to an adult vocalization as compared to both the LR and HR-
neg groups. In particular, HR-ASD infants were significantly less likely to vocalize contingently 
using speech-like sounds. Moreover, higher speech-like contingent response probability was 
correlated with higher receptive and expressive language scores and with lower ADOS-2 CSS 




speech vocalization probability and language or ADOS-2 CSS scores. Subsequent linear 
regressions indicated that contingent vocalization probability was, in fact, predictive of 24-month 
language and ADOS-2 CSS scores. Given that there were no differences between the HR groups 
in number of overall vocalizations or number of  speech-like vocalizations, this finding provides 
further evidence for the role of contingency in facilitating language development and possibly in 
mitigating the impacts of genetic predisposition for ASD and related attentional impairments.  
While there were no differences in the probability of speech-like vocalizations that 
occurred in the absence of adult vocalization, results indicated, somewhat surprisingly, that LR 
infants were more likely to produce non-speech vocalizations in the absence of adult 
vocalizations as compared to the HR groups. It is possible that this finding captures a higher 
propensity for LR infants to initiate social interaction, reflecting a pattern of increased social 
directedness as compared to HR infants (Yankowitz, Schultz, & Parish-Morris, 2019). However, 
given that higher likelihood to vocalize in the absence of adult vocalization was limited to non-
speech vocalizations, social directedness alone would not seem to explain this difference. An 
important component and possible future direction for understanding this finding would be to 
examine more specifically the types of non-speech vocalizations infants are producing. For 
example, it may be the case that LR infants laughed more frequently than infants in the HR 
groups and that laughter occurred in response to their own actions or in response to adult play 
actions that were not paired with speech. 
In addition to contingency related to probability of response, the present study also 
examined contingency as a fundamentally time-locked interaction. It was hypothesized that 
infants later diagnosed with ASD would show a longer average lag time when vocalizing in 




for these infants. Results did not indicate any between-group differences in either lag time or 
standard deviation of lag time. Existing literature exploring differences in response timing is 
mixed. Northrup and Iverson (2015) found that dyadic coordination – defined as percent infant 
simultaneous speech and latency to response coordination – did not distinguish HR from LR 
infants but did significantly predict later language delays. Several studies have examined 
“synchrony” as it relates to parental modulation based on child behavior. For example, Siller and 
Sigman (2002) found that caregivers of children with ASD who showed higher levels of 
synchronization during play had children who developed better joint attention and language over 
the course of later development as compared to caregivers who showed less synchronization 
initially. Notably, much of the existing literature focuses on the extent to which infant behaviors 
are time-locked with caregiver behavior, specifically, rather than with the behavior of adult 
social partners more generally. Given that the present study examined infant response to both 
caregiver and clinician vocalization, we would not expect to see the same cyclicity over time in 
contingent response as may be expected in infant-caregiver interactions. Additionally, while the 
CSBS provides a semi-naturalistic sampling opportunity, the context is still fundamentally 
different than an unstructured play or social interaction. As such, it is possible that the set up and 
task demands of this interaction alter infant response behaviors. While no differences in response 
lag time were identified in the present study, this is an area requiring continued exploration, 
particularly around ways to analyze contingent timing data in a manner that is more fine-grained 
than existing behavioral coding software might allow. 
Exploratory hypotheses focused specifically on the utility of contingent response 
probability as a predictor of diagnostic outcomes. While the contingency space analysis did not 




of this methodology and demonstrates the viability of this type of analysis in examining 
contingency. Specifically, the transitional contingency probabilities calculated using this 
approach were significantly predictive of diagnostic outcome at 24 months, whereby every 
percentage increase in contingent vocalization response probability was associated with a 20% 
decrease in risk for an ASD diagnosis. Therefore, lower probability of responsive vocalization – 
and responsive speech-like vocalization, specifically – at 12 months may be a key early indicator 
of heightened risk for ASD, particularly for infants who are already genetically susceptible. 
Limitations and Future Directions 
The present study is a novel approach to examining vocal contingency paired with a rare 
6-month data point to examine early attentional correlates and a 24-month data point to examine 
longitudinal outcomes. However, several limitations should be considered when interpreting the 
results reported. First, due to constraints requiring that participants had data available at all three 
time points, including a 12-month CSBS video that had already been coded for infant 
vocalizations by the team at CHOP, the sample size included is relatively small. While the type 
of behavioral coding conducted resulted in a large quantity of data for each infant, the sample 
size may still limit the potential to detect group differences and to generalize findings to a 
broader sample. This research is ongoing and future directions include reexamining the questions 
presented here once a larger sample has been attained. Additionally, though subgroups did not 
statistically differ on sex distribution, there were more males than females included in both the 
LR and HR-ASD groups. Given known differences in ASD risk as well as differences in 
language development for males and females in both typical development and ASD (Messinger 




exploration of how attention and vocal contingency may unfold differently for males versus 
females. 
A significant limitation in the present study is the lack of a robust attention measure. 
While some significant findings were identified using combined attention-related item scores 
from the AOSI, this does not capture the nuances of early attentional development and likely 
lacks the range to truly characterize differences across groups. Further, the limited range of the 
current attention measure likely impeded the ability to detect relationships between attention and 
measures at later time points. Future directions should include more a more comprehensive 
means of characterizing early attention. One such means may be to behaviorally code video data 
from the 6-month study visit to capture attentional abilities such as visual shifting between items, 
disengagement time, initiation of and response to joint attention, and orientation to social versus 
nonsocial stimuli. 
Similarly, while the CSBS offers a semi-naturalistic opportunity to observe infant 
behavior, the present study analyzed pre-existing videos that were not collected specifically for 
the purpose of vocalization or contingency-related analyses. Infants were engaged in play-based 
assessment with a clinician and parent during vocalization sampling. Thus, the testing 
environment may have elicited vocalization and response contingency patterns that differ from 
their everyday behavior. Additionally, because the CSBS is a structured task, parents were asked 
to refrain from actively engaging their child and to be involved only when requested by a 
clinician or when initiated by the infant. The theoretical framework presented in this study 
proposes a transactional relationship between infants and caregivers, wherein early attention 
impacts infant response to and learning from a social partner, in turn shaping how the partner 




further research with true naturalistic interaction is needed to continue exploring how 
contingency fundamentally alters the input infants receive over time and impacts later 
development. Assessing the proposed transactional model in a truly bidirectional manner also 
necessitates exploring different forms of infant and parent contingent response. Coding and 
analyses in the present study focused specifically on vocalization and response to vocalization 
but did not capture the other ways in which infants and adults respond to each other, such as 
through gesture or eye gaze. As previously highlighted, initiating and responding to joint 
attention is foundational in shaping language and social development (Meindl & Cannella-
Malone, 2011; Mundy & Neal, 2000). Because a joint attention bid requires triadic engagement 
between two social partners and a target of interest, this skill reflects a clear convergence of 
attentional control and bi-directional contingency. Consequently, the development of joint 
attention abilities emphasizes the need to examine the adult and infant contributions to an 
interaction wherein each social partner has opportunities to both initiate with and respond to the 
other. Coding that includes examination of how each social partner produces and responds to 
bids for engagement, as well as how the contingency of those bids and responses may change 
over the course of development, is essential to a comprehensive exploration of a transactional 
model.  
More nuance in the quality of vocalization coding would also add to this line of research. 
One goal in this domain is to examine differences in the types of non-speech vocalizations 
produced, such as the contingent timing of infant crying versus laughing; additionally, 
combining the present data with ongoing IBIS studies examining the social directedness of 
vocalizations has the potential to offer much richer insight into how vocal contingency manifests 




Finally, the present sample was majority White, non-Hispanic families. Further research 
with infants from more diverse backgrounds is essential given diagnostic disparities as well as 
cultural differences in parent-child interaction and language use. Given that we see differences in 
gesture use, prosody, and language use across cultures (e.g., Tamis-Lemonda, Song, Leavell, 
Kahana-Kalman, & Yoshikawa, 2012), it is both fascinating and important to explore how 
contingency and contingent vocalization might unfold differently as a result. 
Conclusions and Implications 
The present study adds several key findings to the literature. First, more impaired 
attention differentiated the HR groups from the LR group at 6 months. Attention was related to 
language outcomes at 6 months but not 12 months, possibly highlighting a window during which 
the HR-neg group becomes distinct from the HR-ASD group. At 12 months, the HR-ASD group 
demonstrated lower probability of vocalizing in response to adult vocalization as compared to 
both the HR-neg and LR groups. Contingency probability was also significantly predictive of 
later ASD diagnosis, such that higher contingency predicted lower chance of a positive ASD 
diagnosis.  
Given the findings that this probability was significantly correlated with later language 
and ASD symptom severity, the present study also identifies a key opportunity for early 
intervention and suggests that HR infants may benefit from pre-diagnostic intervention should 
caregivers or providers observe a clear pattern of lack of vocal response to verbal input. This 
research also identifies a potential mechanism through which early risk factors for ASD are 
exacerbated, leading to cascading socio-communicative challenges. Continued research 
identifying patterns of contingent response and possible early attentional correlates has 




































Figure 2. Correlation between attention, contingency, and 12- and 24-month developmental 







Figure 3. Contingency space analysis, where probability of an infant vocalizing in the absence 
of adult vocalization is on the x-axis and probability of an infant vocalizing given the presence 
of an adult vocalization is on the y-axis. 
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